To date, proteomic studies have been performed on occlusion-derived viruses (ODVs) from five members of the family Baculoviridae, genus Alphabaculovirus, but only a single member of the genus Betabaculovirus (Pieris rapae granulovirus). In this study, LC-MS/MS was used to analyse the ODV proteins of Clostera anachoreta granulovirus (ClanGV), another member of the genus Betabaculovirus. The results indicated that 73 proteins, including the products of 27 baculovirus core genes, were present in ClanGV ODVs. This is the largest number of ODV proteins identified in baculoviruses to date. To the best of our knowledge, 24 of these proteins were newly identified as ODV-associated proteins. Twelve of the proteins were shared by all seven of the other baculoviruses that have been analysed by proteomic techniques, including P49, PIF-2, ODV-EC43, P74, P6.9, P33, VP39, ODV-EC27, VP91, GP41, VLF-1 and VP1054. ClanGV shared between 20 and 36 ODV proteins with each of the other six baculoviruses that have been analysed by proteomics. Ten proteins were identified only as ODV components of ClanGV and PrGV: Clan22, Clan27, Clan69, Clan83, Clan84, Clan90, Clan116, Clan94, FGF-3 and ME53, the first seven of which were encoded by betabaculovirus-specific genes. These findings may provide novel insights into baculovirus structure as well as reveal similarities and differences between alphabaculoviruses and betabaculoviruses.
INTRODUCTION
The family Baculoviridae is classified into four genera (Jehle et al., 2006) : Alphabaculovirus (lepidopteran-specific nucleopolyhedroviruses), Betabaculovirus (lepidopteran-specific granuloviruses), Gammabaculovirus (hymenopteran-specific nucleopolyhedroviruses) and Deltabaculovirus (dipteranspecific nucleopolyhedroviruses). Both alphabaculoviruses and betabaculoviruses can produce two virion morphotypes during the infection cycle: budded viruses (BVs) and occlusion-derived viruses (ODVs).
ODVs released from occlusion bodies (OBs), in the alkaline conditions of the gut, initiate baculovirus primary infection in the midgut epithelial cells of susceptible insects, whilst BVs spread the infection from cell to cell, leading to a systemic infection (van Oers & Vlak, 2007) . Although both alphabaculoviruses and betabaculoviruses infect insects from the order Lepidoptera, their virion structures are quite different. Betabaculovirus OBs are much smaller than those of alphabaculoviruses. Betabaculoviruses usually contain a single ODV per OB, whilst alphabaculoviruses can contain many ODVs per OB (Bilimoria, 1991; Slack & Arif, 2007) . Understanding the protein composition of these two virus particles will further our understanding of their roles in both assembly and the infection process.
Proteomic studies have been performed on several baculoviruses using SDS-PAGE, Edman sequencing, MS or a combination of these techniques. These viruses include seven ODVs and three BVs: the ODVs of Autographa californica multiple nucleopolyhedrovirus (AcMNPV) (Braunagel et al., 2003) , Helicoverpa armigera nucleopolyhedrovirus (HearNPV) (Hou et al., 2013) , Anticarsia gemmatalis multiple nucleopolyhedrovirus (AgMNPV) (Braconi et al., 2014) , Culex nigripalpus nucleopolyhedrovirus (CuniNPV) (Perera et al., 2007) , Bombyx mori nucleopolyhedrovirus (BmNPV) (Liu et al., 2008) , Chrysodeixis chalcites nucleopolyhedrovirus (ChchNPV) and Pieris rapae granulovirus (PrGV) (Wang et al., 2011) ; and the BVs of AcMNPV (Wang et al., 2010) , HearNPV (Hou et al., 2013) and AgMNPV (Braconi et al., 2014) . The numbers of proteins identified in these studies were 40, 57, 44, 45, 16, 53, 47, 23, 51 and 33, respectively. However, this list contains only a single member of the genus Betabaculovirus, PrGV.
Clostera anachoreta is primarily distributed throughout Asian and parts of Europe. It is the most important lepidoptera defoliator of poplar and can seriously affect tree growth. In forests, we found that Clostera anachoreta granulovirus (ClanGV) was a promising biological pesticide for the control of C. anachoreta. As a fast-killing pathogen, ClanGV can cause systematic infection and liquefaction of the host. In a previous study, the ClanGV genome was sequenced (GenBank accession number HQ116624) and found to consists of 101 487 bp and 123 predicted ORFs (Liang et al., 2011) .
ODVs are amenable to proteomic approaches for protein identification because they can be easily purified. In this study, we performed analyses of the ClanGV ODV proteome by using LC-MS/MS -a method for rapid identification of proteins from complex mixtures. Our findings may provide novel insights into the baculovirus structure as well as reveal differences and similarities between betabaculoviruses and alphabaculoviruses at the molecular level. Moreover, these data may be helpful in subsequent applied studies aiming to improve ClanGV use as a biopesticide.
RESULTS AND DISCUSSION

ODV-associated proteins from MS analyses
Two samples of ClanGV ODV proteins were identified using LC-MS/MS analysis (named LC1 and LC2, respectively). Before proteins were separated, the LC1 sample was treated with an alkaline lysis solution to remove OB protein (granulin), whilst the LC2 sample was untreated to ensure ODV compositions were not affected.
As with other baculovirus proteomic analyses, the granulin protein was not regarded as an ODV component here (Braunagel et al., 2003; Deng et al., 2007; Xu et al., 2011) . In total, 67 proteins were identified in LC1 and 66 proteins were identified in LC2. Sixty proteins were identified in both LC1 and LC2; seven proteins were only identified in LC1 (Clan37, Clan45, p47, DBP, Clan79, Clan83 and Clan93) and six proteins were only identified in LC2 (Clan7, Clan18, Clan32, IAP, Alk-exo and FGF-3). Combining all the results, 73 ODV proteins were found to be present in ODVs of ClanGV (Table 1, Fig. 1 ). As expected, granulin was found in LC1, despite the fact that the OBs were treated with an alkaline solution. The nearly identical results for LC1 and LC2 indicated that the MS identification was not affected by the existence of granulin.
Amongst the 67 proteins in LC1, 62 proteins were identified with two or more peptides, and the remaining five proteins (Clan37, Clan45, Clan79, Clan98 and LEF-9) were identified with one matching peptide. Out of the 66 proteins in LC2, 62 proteins were identified with two or more peptides. The remaining four proteins (GP37, Clan98, Alk-exo and FGF-3) were detected with one matching peptide (Table 1) . Thus, for both LC1 and LC2, only six proteins were identified using a single peptide: Clan37, Clan45, Clan79, Clan98, Alk-exo and FGF-3.
Bioinformatic analyses predicted that 19 of the 73 ClanGV ODV proteins contained one or more transmembrane (TM) regions. In addition, 12 sequences were predicted to contain a signal or signal anchor sequences (S) with significant probabilities (Pw0.7). Sixteen proteins, including PIF-1, PIF-2 and PIF-3, were found to contain strong nuclear localization signals (NLSs) ( Table 2) .
Comparison of the protein compositions of baculovirus ODVs
The ClanGV genome is composed of 101 487 bp and a total of 123 ORFs, as identified in a previous study (Liang et al., 2011) . Although several proteins had previously been reported to be ODV proteins, our proteomic data significantly increased that number.
The genes of 73 ODV proteins identified in this study were dispersed in the ClanGV genome (Fig. 1) . They covered 59.3 % of the complete theoretical proteome of ClanGV, which was a much higher percentage than those of other baculoviruses whose ODV compositions were successfully analysed by MS approaches (HearNPV, 42.2 %; CuniNPV, 41.3 %; PrGV, 39.2 %; ChchNPV, 35.1 %; AgMNPV, 28.9 %; AcMNPV, 28.6 %) (Braconi et al., 2014; Braunagel et al., 2003; Hou et al., 2013; Perera et al., 2007; Wang et al., 2011; Xu et al., 2011) .
As with ChchNPV and CuniNPV, DNA polymerase and helicase, which are essential proteins for viral DNA replication and have been identified in the ODVs of AcMNPV, HearNPV, AgMNPV and PrGV, were not identified in ClanGV ODVs. Our failure to detect these two proteins using MS was likely due to: (i) they were not packaged into ClanGV ODV particles in the assembly process, (ii) their amounts in ODVs were relative low and/or (iii) they were degraded.
ClanGV shared 36, 20, 30, 27, 29 and 20 ODV proteins with PrGV, AcMNPV, HearNPV, AgMNPV, ChchNPV and CuniNPV, respectively (Table 2) . We analysed the composition of our LC-MS/MS data by comparing it with the six baculoviruses whose ODV proteomes were identified previously by different MS methods (Table 2) .
Proteins shared by seven identified baculoviruses
Twelve proteins were shared by all seven baculoviruses identified to date, including P49, PIF-2, ODV-EC43, P74, P6.9, P33, VP39, ODV-EC27, VP91, GP41, VLF-1 and VP1054. All of these proteins showed relatively high scores in the LC-MS/MS analysis of the ClanGV ODV proteome (Table 1) . P49 was shown to be an apoptotic suppressor in some alphabaculoviruses (Yu et al., 2008) , but this gene has not been found in any betabaculoviruses. ODV-EC43 of AcMNPV was regarded as a BV/ODV structure protein associated with both the nucleocapsid and the envelope. A construct of the ODV-EC43 deletion produced BVs, but the virions were non-infectious (Alfonso et al., 2012; Fang et al., 2003 Fang et al., , 2009 ). ODV-EC27 was reported to be a type of viral-encoded cyclin homologue, and could interact with C42 and p78/83 (Belyavskyi et al., 1998; Braunagel et al., 2001) . The DNA-binding protein P6.9 was identified in the ODVs of all baculoviruses; the majority of P6.9 was distributed near the inner nuclear membrane, whilst a portion localized in the virogenic stroma throughout the course of infection. Furthermore, many different dephosphorylated forms of P6.9, as well as phosphorylated P6.9, were present in association with ODVs, although only dephosphorylated P6.9 was associated with BVs . P6.9 was also detected in the BV proteomes of HearNPV and AcMNPV, but not in the BV proteome of AgMNPV, which might be a result of P6.9 cleavage (Braconi et al., 2014; Liu et al., 2012) . The biological significance of the cleavage of P6.9 remains unclear. P33(AC92) has been shown to have thiol oxidase activity, suggesting that it is involved in the formation of disulfide bonds. P33(AC92) is essential for the production of infectious virions, which could interact with SfP53 from Spodoptera frugiperda in infected cells and oxidized SfP53 in vitro (Wu et al., 2013a) . VP39 is a major component of both BVs and ODVs, and is located in the nucleocapsid (Pearson et al., 1988) , and VP91, which is predicted to encode a chitin-binding domain, has been shown to be associated with the capsid structure (Russell & Rohrmann, 1997) . It was proposed that GP41 is an O-glycoprotein and is located in a structure called the tegument. GP41 is essential for the egress of nucleocapsids from the nucleus (Olszewski & Miller, 1997; Pan et al., 2005) . VLF-1 (very late factor 1) is a member of the integrase family and showed the highest binding affinity to cruciform DNA (Mikhailov & Rohrmann, 2002) . VLF-1 appears to be a structural protein present in both BVs and ODVs, and is clearly required for the production of nucleocapsids Vanarsdall et al., 2004; Yang & Miller, 1998) . As a structural component of both BVs and ODVs, VP1054 was shown to be necessary for viral cell-to-cell spread, deletion of which caused abnormal viral DNA encapsidation and formed numerous electron-lucent capsid-like tubules (Marek et al., 2013) .
Several proteins mentioned above have been shown to function in the process of viral infection, replication and assembly, the detailed mechanisms of which remain unclear. Every stage of the baculovirus infection process is associated with different protein groups (Cohen et al., 2009; Peng et al., 2010) . The identification of more and more structural proteins is useful to identify which proteins take part in which stage of infection and to identify additional protein-protein interactions.
The identification of the proteins involved in each viral infection step, and their interactions, would further the understanding of baculovirus biology in many fields, including protein expression systems, biopesticides and putative non-human viral vectors for gene delivery (Condreay & Kost, 2007; Inceoglu et al., 2001; Moscardi, 1999) .
Proteins present only in betabaculovirus ODVs
Comparison of the proteins identified in this study with the other six baculoviruses mentioned above (HearNPV, CuniNPV, PrGV, ChchNPV, AgMNPV and AcMNPV) showed that 10 proteins were present only as the ODV components of ClanGV and PrGV ( Proteomics of the ClanGV ODV basis of the differences between alphabaculoviruses and betabaculoviruses will be further clarified with identification of more of these types of proteins. Furthermore, the results may be helpful to construct a recombinant granulovirus. A recombinant granulovirus could significantly aid molecular research in betabaculoviruses, which is currently far behind that of alphabaculoviruses.
Out of the remaining three proteins, Clan94 and ME53 have homologues in alphabaculoviruses. The homologue of Clan94 was only found in the Lymantria dispar multiple nucleopolyhedrovirus genome (Ld84), but it was present in other betabaculoviruses. Previous research suggested that ME53 may provide a scaffold that bridges the viral envelope and nucleocapsid (de Jong et al., 2011). As a common protein amongst the baculovirus genomes, ME53 was identified on the BVs of AcMNPV and HearNPV (Hou et al., 2013; Wang et al., 2010) , whilst in this and PrGV studies it was identified as an ODV protein.
Noticeably, although no homologues of FGF-3 were detected in alphabaculoviruses by standard BLAST, it was not considered to be specific to betabaculovirus ODVs for three reasons: (i) FGF-like genes are present in almost all the baculovirus genomes, (ii) the HearNPV FGF has been identified as a BV component (Hou et al., 2013) and (iii) when one or more genomes have orthologues for the query protein, they might not be detected by standard methods because of their remote orthology. Recently, the number of baculovirus core genes was expanded from 29 to 37 by several bioinformatics approaches (Garavaglia et al., 2012) .
Newly identified ODV proteins
A total of 24 proteins were, to the best of our knowledge, not identified previously in other baculovirus proteomes: Clan9 (chitinase), Clan 11 (cathepsin), Clan12 (GP37), Clan17, Clan18, Clan20, Clan24 (P13), Clan32, Clan37, Clan39, Clan42, Clan 52 (P35), Clan55 (P47), Clan63, Clan64, Clan66 (DBP), Clan72 (LEF-5), Clan79, Clan87 (TLP-20), Clan93, Clan100 (IAP), Clan108, Clan111 (LEF-8) and Clan117. Amongst the 24 proteins, 13 were the products of unknown genes (Clan17, Clan18, Clan20, Clan32, Clan37, Clan39, Clan42, Clan63, Clan64, Clan79, Clan93, Clan108 and Clan117). Of these 13 unknown proteins, Clan42, Clan79 and Clan93 were unique to ClanGV and Clostera anastomosis (L.) granulovirus, both of which can cause cross-infection to each other's native host insects (Liang et al., 2013) .
Most alphabaculoviruses and betabaculoviruses contain homologues of the genes for chitinase and cathepsin, which are auxiliary genes associated with the liquefaction of the infected host (Hawtin et al., 1997; Oliveira et al., 2006) . Furthermore, cathepsin is synthesized as a proenzyme and later cleaved to produce the mature form, which seems to be assisted by chitinase (Hom et al., 2002) . The introduction of chitinase and cathepsin genes into the AgMNPV genome induced host liquefaction and increased insecticidal activity (Lima et al., 2013) . In this study, chitinase and cathepsin were identified as components of the ClanGV ODV particle. To the best of our knowledge, neither of them have been identified in other baculovirus ODV proteomes up to date. These two proteins may be responsible for the liquefaction of the host body infected by ClanGV. Previous research indicated chitinase was present on the BVs of HearNPV and AcMNPV (Hou et al., 2013; Wang et al., 2010) , whilst cathepsin was identified only as a BV-associated protein of HearNPV. Sequence analysis results showed that in several species these two genes maintain a conserved contiguous, but anti-parallel, chitinasecathepsin gene organization. The same organization was found in the ClanGV genome (Slack et al., 2004) .
Two baculoviral proteins are known to assist ODVs in overcoming the insect peritrophic membrane: enhancin and GP37. GP37 can enhance the infection of nucleopolyhedroviruses and Bacillus thuringiensis (Liu et al., 2011) . A GP37 homologue was identified in this study. Baculovirus GP37 shares 30-40 % amino acid sequence identity with the fusolin of entomopoxvirus, both of which contain a chitin-binding domain (Gauthier et al., 1995) . Further functional research showed that the synergistic effects of GP37 may result from its chitin-binding activity and the dissociation of some protein components from peritrophic membranes (Liu et al., 2011) . The proteins dissociated by GP37 need to be identified to clarify its synergistic mechanism. Enhancin can increase the insect's susceptibility to infection by degrading peritrophic membrane proteins, such as IIM (invertebrate intestinal mucin) (Toprak et al., 2012; Wang & Granados, 1997) .
The P13 gene was initially reported in the Leucania separata nucleopolyhedrovirus (LsNPV) genome (Wang et al., 1995) . The p13 promoter contains the core sequences for early (CAT/AT) and late (TAAG) expression elements, and also an hr enhancer (located upstream of the p13 promoter). In this study, a P13 homologue was also identified. Sequence analysis indicated that both of the corresponding CAAT and TAAG motifs were present upstream of the ClanGV P13 ORF; however, no significant hr enhancer was discovered. A previous study showed that the expression of P13 from HearNPV was regulated by both an early and late promoter, suggesting that the expression of HearNPV P13 was consistent during virus infection. Results using RNA interference indicated that HearNPV P13 was a killing-associated gene (Lu et al., 2012) . P13 of LsNPV can also affect the polyhedra and BV yields of AcMNPV (Du et al., 2007) . Further functional experiments, using RNA interference, need to be performed to determine whether the P13 homologues from granuloviruses are actually killing-associated proteins similar to those found in nucleopolyhedroviruses.
P35 and IAP (inhibitor of apoptosis) are involved in suppressing host apoptosis. P35 can act as a direct inhibitor of proteases, but IAP acts upstream to prevent activation of proteases (Vaux & Strasser, 1996) . Homologues of P35 are mainly restricted to a few group I alphabaculoviruses. Genome analysis results indicated that two betabaculoviruses, i.e. ClanGV and Choristoneura occidentalis granulovirus, also contain homologues of P35 (Escasa et al., 2006; Liang et al., 2011) . Recently research showed AcMNPV P35 could rescue late gene expression and it may cooperatively rescue replication of Plutella xylostella granulovirus (Hu & Li, 2014) . This is an exciting result for future functional research of granuloviruses. However, the phenomenon of proteins encoded by granulovirus only having homologues in nucleopolyhedroviruses suggests that the ancestors of betabaculoviruses acquired some genes by horizontal transfer from alphabaculoviruses.
DBP is a ssDNA-binding protein like LEF-3. It is required for the production of BV nucleocapsids and the virogenic stroma (Vanarsdall et al., 2007) . TLP-20 is an unknown baculoviral protein and probably interacts with IE-2 of BmNPV (Wu et al., 2013b) .
Proteins encoded by baculovirus core genes
Recent analysis indicates that there are 37 core genes shared by all known baculoviruses (Garavaglia et al., 2012) . In our study, proteins encoded by 27 baculovirus core genes were detected (Table 2) : P47, LEF-8, LEF-9, ODV-E25, PIF-4, 38K, P40, P48, PIF-3, PIF-1, Alk-exo, ODV-E18, ODV-E56, PIF-6, Clan88, P49, PIF-2, ODV-EC43, P74, P6.9, P33, VP39, ODV-EC27, VP91, GP41, VLF-1 and VP1054.
PIF ( per os infectivity factor) genes are core genes present in all baculovirus genomes sequenced to date. They are required for oral infection. Seven PIF proteins have been identified: P74, PIF-1, PIF-2, PIF-3, PIF-4 (ODV-E28), PIF-5 (ODV-E56) and PIF-6 (Ac68) (Hou et al., 2013) . ODV-E66 protein plays an important role in the oral infectivity of AcMNPV, but is not essential for virus replication (Xiang et al., 2011) . Our research showed that all PIFs were present in the ClanGV ODVs. Based solely on the results of MS, seven PIFs for PrGV, six for HearNPV, six for ChchNPV, five for AgMNPV and three for AcMNPV were identified as ODV proteins (Braconi et al., 2014; Braunagel et al., 2003; Hou et al., 2013; Wang et al., 2011; Xu et al., 2011) . Moreover AcMNPV PIF-6 and HearNPV PIF-4 were shown to be ODV components by Western blotting. The function of the seven PIFs was demonstrated by knockout experiments mainly in HearNPV and AcMNPV (Fang et al., 2006; Huang et al., 2012; Nie et al., 2012; Song et al., 2008; Sparks et al., 2011; Xiang et al., 2011) . The results of knockout experiments and the identification of PIFs in different baculoviruses by different approaches confirmed the conservation of these proteins and validated the feasibility of MS approaches. As a promising pesticide, the baculovirus has a significant defect: a narrow host range. PIFs control the infection of ODVs; hence, the identification and recombination of PIFs from different baculoviruses could help us broaden the host range of baculoviruses as well as illuminate the infection process amongst different members of the genera.
Host proteins identified
In this study, 24 and 19 host proteins were identified in LC1 and LC2, respectively (Table S1 , available in the online Supplementary Material). Combining the results of LC1 and LC2, a total of 36 ODV-associated host proteins were identified. Amongst these proteins, 10 proteins were also identified in other baculoviruses. Previous studies showed baculovirus can usurp heterologous factors into BV particles non-specifically (Carbonell & Miller, 1987) . Different viruses can incorporate the same proteins from their hosts (e.g. heat-shock proteins). Further research is needed to investigated whether the identified host proteins are involved in the baculovirus infection process. There is also the possibility that the virus sample was contaminated by host proteins when it was separated from insect body.
CONCLUSIONS
Proteomics research can provide novel insights into baculovirus structure and the interaction with their hosts. On the whole, research on betabaculoviruses is far behind that of alphabaculoviruses. ClanGV is only the second betabaculovirus whose ODV proteins have been examined. In this study, we performed analyses of the ClanGV ODV proteome by using LC-MS/MS. In total, 73 ODV proteins were identified using this methodology. ClanGV has the largest number of ODV proteins of any baculovirus identified to date. In this study, 24 proteins were newly identified ODV proteins as far as we know, providing the impetus for further research from our group.
Comparisons revealed that 12 ODV proteins were shared by seven baculoviruses (five alphabaculoviruses and two betabaculoviruses), suggesting that these proteins perform crucial functions in ODV assembly and/or biological activity of the ODV particle. Ten proteins were identified only as ODV components of ClanGV and PrGV, out of which seven proteins were encoded by betabaculovirus-specific genes. These proteins may have specific functions for betabaculoviruses. As in ChchNPV and CuniNPV, DNA polymerase and helicase were not identified in ClanGV ODV, although they are essential proteins for viral DNA replication and have been identified in the ODVs of AcMNPV, HearNPV, AgMNPV and PrGV. We cannot rule out the possibility that these two proteins were not packaged into the ClanGV ODV particle during assembly or that they were beyond detection using our methodologies.
METHODS
Virus infection and ODV purification. Fourth-instar C. anachoreta larvae were used to propagate ClanGV (Liang et al., 2011) . Liquefied larvae were collected and the viral OBs were purified by differential centrifugation. The purified OBs were observed by transmission electron microscopy to evaluate purity and quantity (Fig. 2) . We prepared two protein samples of ClanGV ODV (LC1 and LC2) for LC-MS/MS analysis. The ODVs of LC1 were released from OBs by using an alkaline treatment (0.1 M Na 2 CO 3 , 166 mM NaCl, and 10 mM EDTA) and purified by sucrose density gradient centrifugation (40-50-60 %, w/w), whilst the granulin of LC2 was kept untreated.
Protein separation and LC-MS/MS. The proteins of ClanGV ODVs were separated by 12 % SDS-PAGE and stained with Coomassie brilliant blue R-25 (Colloidal Blue Staining kit; Invitrogen) to detect the protein bands (Fig. 3) . To improve the detection of trace proteins, trypsin digestion was performed directly in the protein solution. The peptide mixtures were then lyophilized (Savant; Thermo Scientific).
The digested peptides were resuspended in buffer (2 % acetonitrile/ 0.1 % formic acid) and fractionated by LC (Eksigent NanoLC-Ultra 2D; Sciex). The dissolved samples were loaded on the pre-column (75 mm|15 cm, C18, 3 mm, 120 Å ) at 4 ml min 21 and eluted over 10 min. The analytical column was a C18 reversed-phase column (75 mm|15 cm, C18, 3 mm, 150 Å ), the mobile phase was A (5 % acetonitrile/0.1 % formic acid) and B (100 % acetonitrile/0.1 % formic acid). The gradient in phase B increased from 5 to 35 % over 70 min.
MS (TripleTOF 5600; Sciex) was used to analyse the peptides. The spray voltage was 2.5 kV and the MS scanning was TOF-MS. The scanning time of map data was 250 ms. Analyses of the raw MS spectra generated by LC-MS/MS analyses were performed with Mascot 2.3 software (Matrix Science) against the ORF database of ClanGV. Mascot software was set with a fragment ion mass tolerance of +0.03 Da and a parent ion tolerance of +0.09 Da. Proteins identified with a confidence value i95 % (Pj0.05) were considered significant.
Bioinformatics analysis. Protein-protein similarity was analysed by BLAST (http://blast.ncbi.nlm.nih.gov/blast.cgi). SignalP 4.1 (http:// www.cbs.dtu.dk/services/SignalP/), DAS-TMfilter (http://mendel.imp. ac.at/sat/DAS/DAS.html), TMHMM version 2.0 (http://www.cbs.dtu. dk/services/TMHMM/) and Virus-PLoc (http://www.csbio.sjtu.edu. cn/bioinf/virus/) servers were used for the prediction of secondary structures, to search for subcellular localizations, and to identify domains and transmembrane regions.
